Introduction {#sec0005}
============

The novel coronavirus (COVID-19) is a recently discovered infectious disease. The first case of COVID-19 was reported to the World Health Organization (WHO) by Chinese authorities on December 31, 2019, as a report about a patient who suffered pneumonia in the city of Wuhan, Hubei province. After a rapid spread in China, new outbreaks occurred in northern Italy and in several European countries, followed by an accelerated spread to many countries in the world. On March 12, 2020, WHO announced the outbreak of COVID-19 as a pandemic \[[@bib0005]\]. Worldwide, 10,710,005 cases of COVID-19 were confirmed, with 517,877 deaths by July 3, 2020. In the Americas, on the same date, 2,291,016 infected patients were registered \[[@bib0010]\]. In Brazil, according to the Coronavirus Panel of the Ministry of Health, by July 06, 2020, there were 1,603,055 confirmed cases, with 64,807 deaths. The fatality rate is 5.0%, and 30.9% ​​of mortality \[[@bib0015]\].

The infection by Sars-Cov-2 found in the lifestyle of post-industrial societies, globalized, with a high flow of people between countries, sedentary lifestyle, poor diet quality, increased life expectancy and high prevalence of chronic diseases, a scenario which contributed to the rapid spread of the pathogen, as well as a greater disease severity of morbidity and mortality \[[@bib0020]\]. North American studies reinforced this information, in which patients with chronic conditions such as: cardiovascular disease, diabetes mellitus, chronic respiratory diseases, arterial hypertension and cancer. In addition to, the elderly which represented those infected with the novel coronavirus, and most susceptible to severe forms of the disease and the worst outcomes \[[@bib0025]\].

According to the WHO, overweight and obesity are defined as abnormal or excessive accumulation of fat that poses a health risk. A body mass index (BMI) equal to or greater than 25 kg/m² is considered as overweight and equal to or greater than 30 kg/m² is considered as obese \[[@bib0030]\]. In 2016, more than 1.9 billion adults aged 18 and over were overweight and, of these, 650 million were obese \[[@bib0030]\]. In a recent evaluation, obesity was present in 42.4% of the North American population, 19.8% in the brazilian and 10.9% in the italian \[[@bib0035], [@bib0040], [@bib0045]\]. In the chinese population, for example, the WHO has different definitions due to the biotype, with overweight being defined as a 23 kg/m² ≤ BMI \< 27.5 kg/m² and general obesity as a BMI ≥ 27.5 kg/m² \[[@bib0050]\]. Obesity in China is a major health concern according to the WHO, with overall rates of obesity between 5% and 6% for the country, but greater than 20% in some cities where fast food is popular \[[@bib0055]\].

Obesity can cause many physical disabilities and psychological problems, increasing dramatically a person\'s risk of developing multiple noncommunicable diseases (NCDs), including cardiovascular diseases, cancer and diabetes \[[@bib0060]\]. In addition, it is frequently associated with high levels of hospitalization and admissions in intensive care units (ICUs), with morbidity and mortality rates higher than population averages \[[@bib0005],[@bib0020],[@bib0065],[@bib0070]\]. In consonance, Simonnet et al. (2020) reinforced this affirmation observing a high prevalence of admissions (47.6%) in ICUs, pointing to obesity as an independent risk factor \[[@bib0075]\]. Thus, it was found that higher levels of body mass index (BMI) would maintain a relationship directly proportional to worse outcomes by the coronavirus disease \[[@bib0075]\].

In view of the necessity to know more about clinical manifestations, pathophysiological and prognostic considerations and in order to save as many lives as possible, the present review sought to evaluate the impact of obesity in in the course of the disease caused by the novel coronavirus.

Methods {#sec0010}
=======

A systematic review of studies on the novel coronavirus was done, relating it to information on the presence of obesity.

For this review, we used the *Preferred Reporting Items for Systematic Reviews and Meta-Analyses* (PRISMA) perspective, as well as its checklist, following all steps it describes \[[@bib0080]\]. The objectives were based on the PICO *(Population; Intervention; Comparisons; Outcomes)* strategy, as well as the choosing of the key words \[[@bib0085]\]. The bibliographical research was done using as strategy the following databases: PubMed, Science Direct, BVS Regional Portal and Lilacs, with the key words being: \[\'COVID-19′\] AND \[\'hospitalization\'\] AND \['obesity'\] AND \['mortality'\]. Selected publication dates ranged from December 1 st, 2019 until May 1 st, 2020 (research date) \[[@bib0080]\]. For this systematic review, we developed a data extraction spreadsheet, matching a record of eligibility of the studies, describing study types, inclusion criteria, exclusion criteria, examiners evaluation and agreement regarding inclusion or not, number of participants, clinical outcomes (occurence of hospitalizations and mortality prevalence), suggested assumptions, study quality, possible biases and its considerations. Moreover, statistical methods and additional analysis were also used.

As initial identification criteria, all studies were considered, provided that they were with the inclusion criteria. Those criteria were: studies related to human beings, referred to adult aligned populations infected by the novel coronavirus. We included articles written in English or Spanish. The exclusion criteria were animal studies, studies involving infants or adolescents, abstracts of scientific events and book chapters. We strictly followed every step we established for identification, selection, inclusion and exclusion criteria. Because of the nature of review studies, approval by the Ethics Committee in Research for this work was not required \[[@bib0075]\].

Results {#sec0015}
=======

For the proposed review, 96 articles were identified, 35 of them in the PubMed database; Science Direct, 59 articles; BVS Regional Portal, 2 articles; Lilacs, no articles were found using the defined keywords. After reviewing the abstracts of the identified studies, 27 were chosen from the three databases. After the process for the present systematic review, 20 studies were included in the final selection list. [Fig. 1](#fig0005){ref-type="fig"} shows information from the selected articles.Fig. 1The bibliographic search results.Fig. 1Source: Produced by the authors.

Four systematic reviews were included, one narrative review and one integrative review, one guideline, one multicenter cohort study, four retrospective cohort studies, one case control study, two case series, one case report, three commentaries and one letter to the editor. Nine articles were originated in the United States of America, four in Italy, three in China, two in Spain, one in Mexico and one in France. The populations included in all the studies were COVID-19 infected patients, with ranging size from 1 to 5700 infected individuals. The total summarized number of patients was 7,671. Overall, 85.6% of this population infected with the novel coronavirus was hospitalized, with an obese population ranging from 13.3% to 68.6% (average of 44.9%). Among evaluated studies, mortality rate ranged from 3.2%--60.9% (average of 20.4%). The purpose of the studies was to determine the association of obesity with high rates of hospitalization, as well as with manifestations of the most severe forms of the coronavirus disease (19 out of 20 included articles). Fourteen out of the 20 studies reported higher prevalence complications among patients with obesity than among their non obese peers. Higher mortality among obese patients than among those without obesity infected with the novel coronavirus was observed in 4 publications. High BMI contributed to high mortality rates ([Table 1](#tbl0005){ref-type="table"} ).Table 1Characteristics of the studies included in the analysis.Table 1Publication dateAuthorsJournalLocationStudy TypeInfected populationObesity (%)COVID-19 severityComplications (%)Hospitalization (%)Mortality (%)04/25/2020Muscogiuri G; et al.Metabolism 2020; 2020:1−12.Naples, ItalySystematic Review899617 (68,6%)ÎÎÎ471 (60,9%); Î04/26/2020Means C.Metabolism 2020:108:154254.Portland, USASystematic ReviewÎÎ03/31/2020Muniyappa R; et al.Journal Physiol Endocrinol Metab 318(5):E736-E741.Bethesda, Maryland, USASystematic ReviewÎÎ04−03-2020Severin R; et al.Am J Med 2020;S0002-9343(20)30347-8.Chicago, USASystematic Review/ GuidelineÎÎ04/27/2020Khider L; et al.JMV-Journal de Médecine Vasculaire 2020;1-6.Paris, France and Toronto, CanadáGuidelineÎÎ04/18/2020Gomez JC; et al.Rev Clin Esp 2020;Zafra, SpainIntegrative ReviewÎÎ04/28/2020Delgado-Roche L; et al.Archives of Medical Research 2020;1-4.Ciudade de México, MéxicoNarrative ReviewÎÎ50,2 (15,8%); Î04/22/2020Redd WD; et al.Gastroenterology 2020;1-14Boston, USACohort Study318ÎÎ318 (100%)32 (10.1%)04-08-2020Li M; et alNutr, Metab and Cardiov Dis 2020;Wuhan, ChinaCohort Study8342 (50%)Î25 (30,12%)6 (7,2%)04/26/2020Allocca M; et al.Clin Gastroenterol Hepatol 2020; S1542-3565(20)30616-9.Milan, Italy and Paris, FranceCohort Study152 (13,33%)5 (33,33%)03/27/2020MC Michael TM; et alN Engl J Med 2020;21;382(21):2005-2011.Seattle; USACohort Study16737 (22,2%)66 (39,5%)35 (21,0%)04/28/2020Chen Q; et al.Infection 2020; 28:1-9.Zhejiang, ChinaCohort Study14542 (28,96%)ÎÎ145 (100%)04-08-2020Nobel YR; et al.Gastroenterology 2020.New York, USAControl Case Study27890 (33%)ÎÎ260 (93,5%)9 (3,2%)04/24/2020Richa Dson S; et al.JAMA 2020;323(20):2052-2059.New York, USACase Series57002528 (44,4%)ÎÎ5700 (100%)553 (21%); Î04/17/2020ZhenG KI; et al.Metabolism 2020;1-17.Wenzhou, ChinaCase Series6645 (68,2%)Î19 (28,8%)04/17/2020UllaH W; et al.J Am Coll Cardiol Case Rep 2020:1-4.Pennsylvania, USACase ReportÎÎ04/16/2020Rebelos E; et al.Metabolism 2020;108:154247.Milan and Pisa, ItalyLetter to the EditorÎ04/26/2020Stefan N; et al.Nat Rev Endocrinol 2020; 1--2.Munich, Germany and Boston, USACommentsÎÎ04-05-2020Luzi L; Radaelli MG.Acta Diabetol 2020; 1--6.Milan, ItalyCommentsÎÎ04-11-2020Puig-Domingo M; et al.Endocrine 2020;1--4.Badalona, Spain and Milan, ItalyCommentsÎÎÎ

Muscogiuri, et al. (2020) demonstrated that patients which were overweight or obese had a 72.1% prevalence. The patients with BMI above 40 kg/m² had high risk for novel coronavirus infection. In addition, in hospitalized patients with BMI higher than 35 kg/m², invasive mechanical ventilation had to be used in 85.7%, and those with BMI above 30 kg/m² and that were forwarded for mechanical ventilation, presented a mortality rate of 60.9% \[[@bib0005]\]. The recommendation and necessity of mechanical ventilation increased with increasing BMI \[[@bib0005]\].

Severin, et al. (2020) have considered as a possible aggravating factor for worse outcomes the consumption of oxygen up to 5 times higher in obese patients when compared to non obese patients in the mechanical ventilatory effort \[[@bib0065]\]. It was also demonstrated that obese patients with hepatic steatosis evolved to serious COVID-19 forms in 37.5% of the cases in contrast to 9.5%, compared to non obese individuals belonging to the same background \[[@bib0090]\]. Muniyappa, et al. (2020) and Means, et al. (2020) also searched for possible origins of more severe forms of coronavirus disease, and noticed that obese groups showed higher susceptibility to morbidity and mortality than non obese \[[@bib0020],[@bib0095]\]. The increase in cytokine levels and immune hyperactivation acted as main factors that caused those outcomes in these obese groups \[[@bib0020],[@bib0095]\].

In studies with COVID-19 positive population, Nobel, et al. (2020) observed that in a population of 278 patients classified according to BMI, at least 33% were obese \[[@bib0100]\]. During follow-up time (5--18 days), 260 patients needed hospitalization, including 16% in ICU, with a 3.2% death ratio \[[@bib0100]\]. These results were corroborated by Alloca, et al. (2020) cohort, in which patients with inflammatory bowel diseases and test positive for COVID-19 were evaluated and, between those, about 33% needed hospitalization, with an obesity rate among the hospitalized ones of 40% \[[@bib0105]\]. Redd, et al. (2020) observed that between 318 hospitalized patients, the majority presented BMI above 30 kg/m², associated to other risk factors such as cardiovascular disease or other comorbidities \[[@bib0110]\]. Chen, et al. (2020) observed that the most severely ill patients were elderly and presented comorbidities, most of them obesity and diabetes mellitus \[[@bib0115]\]. Li, et al. (2020) highlighted in their cohort that about half of the patients had cardiovascular diseases (CVDs), were overweight and clearly showed worst prognosis when compared to patients that didn't have CVDs \[[@bib0120]\]. McMichael et al. (2020) observed high hospitalization rates (39.5%) and death rates (21%) in their cohort, in which patients were elderly (60%), and obese (22,2%) \[[@bib0125]\]. This evidence was reinforced by studies that showed that obesity would predispose to a worse clinical outcome by alterations in respiratory dynamics, manifestation of pulmonar hipertension and severe pneumonia \[[@bib0130],[@bib0135]\]. Among patients diagnosed with COVID-19, the association to comorbidities such as obesity and chronic diseases, who could cause a worse disease outcome, was demonstrated by a high need for medical care in the population infected by novel coronavirus and presenting these characteristics. \[[@bib0120],[@bib0135]\].

Puig-Domingo, et al. (2020) observed that young patients positive for COVID-19 with severe obesity would evolve more frequently to severe outcomes \[[@bib0135]\]. Gomez, et al. (2020) added information to these unfavorable prognosis, in which a worst humoral immune response would be related to more severe pulmonary lesions in the obese population, possibly being worsened by the inflammation and hypercoagulability state promoted by the novel coronavirus disease \[[@bib0140]\]. This affirmation was corroborated by a recent publication of the French Society of Vascular Medicine that highlighted the importance of doing prevention, diagnosis and treatment for venous thromboembolic disease in non hospitalized COVID-19 patients with higher BMI, since obesity is a risk factor for occurence of these episodes among these individuals \[[@bib0145]\].

Luzi, et al. (2020) reported a comparison between flu-like illnesses and COVID-19, which could predict the consequences of SARS-CoV-2 infection in obese population \[[@bib0150]\]. Stefan, et al. (2020) and Rebelos, et al. (2020) reinforced this theory, endorsing the relationship between high BMI and a critical course of COVID-19, in which the determinant link between obesity and diseases that predict the gravity of novel coronavirus infection, mainly arterial hypertension and diabetes mellitus, would justify this association \[[@bib0130],[@bib0155]\]. Ullah, et al. (2020) pointed higher risk of thrombosis and pulmonary embolism in obese individuals, a risk that adds up to the hypercoagulability state induced by COVID-19 \[[@bib0160]\]. A case series study evaluated 4170 COVID-19 positive hospitalized patients in New York, United States of America, and showed that 41.7% had BMI ≥ 30 kg/m² and 19% presented BMI ≥ 35 kg/m² \[[@bib0165]\]. Stefan, et al. (2020), showed that a BMI ≥ 40 kg/m² was the second most important hospitalization predictor \[[@bib0130]\].

Discussion {#sec0020}
==========

This review demonstrated a correlation of increasing BMI, especially above 30 kg/m², with worse outcomes in patients infected with the novel coronavirus. The consulted papers also pointed out a greater severity of clinical manifestations of the novel coronavirus, higher prevalence of hospitalizations (mainly in ICUs), longer hospital stay and greater associated morbidity and mortality among those with obesity and other comorbidities.

We also reported that obesity increased the needs for medical care, in particular requiring complex procedures such as those provided in ICUs. The pandemic caused by the novel coronavirus had brought to light how a highly pathogenic virus could overwhelm health systems in the world, including developed countries. The demand for physical resources (especially ICUs and supplies) and human resources (professionals experienced in intensive care) for long periods (average length of stay) can lead to the exhaustion of the world\'s health systems \[[@bib0065],[@bib0170]\]. A recent study showed that the historical rates of ICU occupancy in the USA varied between 66% and 82%, depending on the evaluated location \[[@bib0065],[@bib0170]\]. Thus, in developing countries, where health systems are unable to provide universal assistance to their population, in a pandemic scenario with a sudden increase in demand, the fragility becomes evident \[[@bib0170]\]. In view of the current pandemic, humanity is facing a global challenge, with a growing and sudden need for greater resources in the health system, adequacy of infrastructure, qualified human resources, greater needs for beds and hospital supplies capable of as many lives as possible \[[@bib0065],[@bib0170]\].

The consulted literature suggested that the novel coronavirus disease can be added to the list of high risk conditions affecting the obese population. Historically, obesity has been reported as an influencing factor for high mortality and duration in flu-like illnesses, even in those individuals who did not had other chronic conditions that could increase the risk of complications \[[@bib0150]\]. Even though there are not many studies consolidating the implications of COVID-19 in the obese population, a parallel can be drawn between influenza-like illnesses and the novel coronavírus, which could predict the consequences of SARS-CoV-2 infection in obese individuals. \[[@bib0150]\].

Obesity as a chronic and multifactorial disease is associated with a chronic inflammatory state, capable of developing a series of previously known and well-documented complications \[[@bib0180],[@bib0185]\]. When this condition is added to the new scenario of the novel coronavirus, there is an increase in these complications and unfavorable results \[[@bib0005],[@bib0065],[@bib0100], [@bib0105], [@bib0110], [@bib0115], [@bib0120], [@bib0125], [@bib0130], [@bib0135],[@bib0150]\].

Obesity is a metabolic disease characterized by a hormonal, anti inflammatory and proinflammatory adiponectins imbalance due to the excess of dysfunctional adipose tissue. This imbalance interferes with the activation of the immune system, which can generate a bad immune response and, consequently, a worse prognosis for the obese \[[@bib0140],[@bib0150]\]. Studies reinforced these information, demonstrating that high levels of proinflammatory cytokines that are produced in the adipose tissue (mainly in men) and the "cytokine storm", a immune hyperactivation, could be possible causes of respiratory insufficiency in the most severe forms of COVID-19 \[[@bib0095],[@bib0140],[@bib0150],[@bib0175]\]. Such outcome could be worsened by chronic conditions that commonly coexist with obesity, as type II diabetes mellitus and arterial hypertension, known risk factors for severe forms of COVID-19 \[[@bib0095],[@bib0155]\].

Obese patients often have physiological respiratory dysfunction and, in addition, obesity increases the risk for hypoventilation associated pneumonia, pulmonary hypertension and cardiac stress, factors that could lead to a worse prognosis for COVID-19 \[[@bib0130]\]. Severe obesity is associated with sleep apnea syndrome, surfactant dysfunction and inadequate glycemic control (which is associated with impaired ventilatory function), and are also factors that could contribute to a worse prognosis \[[@bib0135]\]. Considering a mechanical ventilation scenario, another aggravating factor is that obese patients would be subject to longer periods of intubation, greater difficulty in weaning from mechanical ventilation and in the handling by professionals in non-specialized health centers, factors that could contribute to delay in treatment \[[@bib0065],[@bib0130]\].

Obesity can represent an important thrombogenic risk factor. As a relevant example, there is the already reported greater susceptibility of obese people to the occurrence of pulmonary embolism, which may represent a strong unfavorable factor in the course of the disease of the novel coronavirus \[[@bib0160]\]. In addition to this worse humoral and cellular immune response already reported in previous studies, there were studies by Khider et al. (2020) that observed greater susceptibility and longer recovery time from infection, with the appearance of severe lung injuries. Thus, associated with the inflammatory factor, obesity could predispose the patient to a state of hypercoagulability, which could be aggravated by COVID-19 \[[@bib0140],[@bib0145]\]. This fact would justify the recent guidelines on prevention, diagnosis and treatment of venous thromboembolism in non-hospitalized patients infected with COVID-19, who considered high BMI as one of the risk factors for the occurrence of thromboembolic episodes in these patients \[[@bib0145]\].

Consolidating these predictions about the prognosis of COVID-19 in obese patients, studies have reinforced obesity as a factor of greater morbidity during hospitalization, in addition to increasing the length of hospital stay \[[@bib0170]\]. Thus, the preservation of metabolic health becomes a fundamental objective for the reduction of damage to the obese population, in the times of COVID-19 \[[@bib0120]\].

As limitation of this review, it was observed that some studies considered obesity as having a BMI higher than 25 kg/m², in contrast to the WHO definition of obesity as being higher than 30 kg/m². Regarding the association of obesity with longer hospitalizations and longer periods of time, some articles did not discriminate the prevalence in relation to these conditions.

As strengths of this review, the relevance of the topic was highlighted, bringing to the discussion the effects of obesity, which has direct consequences in relation to morbidity and mortality and the financial impact generated by the current pandemic. Allied, the degree of agreement in the eligibility of the evaluated studies (greater than 0.7) and the quality of the review presented were points to be valued.

In the present review, obesity was a factor of poor prognosis for infection with the novel coronavirus, both because it worsened the infection (more severe forms of the disease in the obese population) and because it increased the prevalence of hospitalizations, with worse outcomes and greater lethality, mainly when co-occurring with other chronic conditions and in the elderly. In view of the current pandemic, greater attention is suggested to the obese and overweight population.
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